An efficient system for prelim inary data reduction is described which com pletes a recently devel oped data acquisition and reduction system for the measurem ent of m illim eter wave absorption lines with the help of a dedicated com puter. A sim ple method of autom atically determ ining the absorption line centers is given.
I. Introduction
The rotational spectra of HCNO and DCNO, nor mal and deuterated fulminic acid, in the microwave region have been reported previously 1-3 together with resulting inform ation concerning the molecular structure and the rotational constants for several excited states. An anomalous dependence of the avalue and of the Z-type doubling constant q5 on the vibrational quantum num ber v5 was found for both HCNO and DCNO. Subsequently centrifugal distor tion effects 4 and the spectra of molecules in excited vibrational states5 were further investigated by measuring the millimeter wave spectrum of HCNO using a millimeter wave spectrometer with a dedi cated computer 6.
Since the measurement and assignment of the far infrared spectrum of HCNO and DCNO 7, it is now possible to interpret some of the anomalous effects observed in the rotational spectrum of both mole cules on the basis of a quasilinear molecular model. One of the important remaining steps in the ex perimental study of the spectrum of fulminic acid was thus the measurement of the millimeter wave spectrum of DCNO for molecules in the ground state and excited vibrational states. We report in this paper our measurements of rotational transitions of DCNO in the ground state and in the first excited state of each of the two bending vibrations v4 and v5 . Data for molecules in higher excited states will be reported separately 8.
Our measurement technique has undergone con siderable evolution within the last few years. Since computer oriented measurements are being increas ingly often compared as spectroscopists seek to optimize the use of financial resources, equipment and the time of the experimenter, we have devoted the first part of this paper (Sect. II) to a presenta tion of our current mode of measurement, with emphasis on extensions of the use of a dedicated computer to increase accuracy, reliability and speed of data acquisition and reduction.
In Sect. I ll we report the measurements of the millimeter wave spectrum of DCNO. These data were analysed in the same manner as the data for HCNO as described in Ref. 4 in order to obtain constants defined in the context of a linear mole cular model. In Sect. IV we compare the constants so obtained with those obtained for HCNO, and discuss the usefulness of the quasilinear molecular model in interpreting some of the constants.
II. Current On-line Data A cquisition Techniques for M illim eter W ave Measurements
The basic experimental set-up for millimeter wave measurements has been described previously6 and a condensed diagram of the spectrometer is shown in F ig .l, which outlines the hardware aspects of the preparation of the signal for data acquisition. A conventional millimeter wave video spectrometer supplies the absorption signal which is fed after several stages of amplification into an analog-digital converter attached to a PD P-8/I computer. The com puter configuration includes the main unit with a core storage of 8 K and 12 bit word length, a labo ratory peripheral interface, a 32 K random access disk, a teletype and a display unit. The application of this system to the basic task of signal averaging to increase sensitivity and accuracy of millimeter wave measurements has been discussed previously 6.
The data acquisition process is initiated by the first frequency m arker after the raw markers have been converted into square wave pulses. The markers are derived in the conventional way from the beat frequency between the klystron fundamental fre quency and a harmonic of the frequency standard output in a mixing crystal, as indicated in Figure 1 . An adjustable gate before the trigger input sup presses the second m arker and all spurious signals which might also trigger the data acquisition process. This unit has proved to make the adjustment of the sweep conditions much less difficult than was pre- viously the case. Finally, both markers and the ab sorption signal are multiplexed, digitized and ac cumulated by the computer. Figure 2 shows the software aspects of the data acquisition and reduction system. The program s are called into core from the disk via the teletype at the discretion of the operator. Each step of the proce dure is monitored on the display unit using the display routine in BASIC AVERAGER, which is called into the upper 4 K core storage and remains there during the entire procedure. Upon completion of averaging control is transferred to the program GLAT, which is called into the lower 4 K of core storage. This program smooths both the markers and the absorption signal and differentiates the m arkers according to the method of Savitzky and Golay 9, which does not alter either the line shape or the line width. The averaged m arker, in contrast to the absorption signal, has usually a gaussian form, so that when the curve has been differentiated it is subsequently easy to determine the m arker position by finding the point where the curve crosses the baseline. 24-bit arithmetic is used in the program s BASIC AVERAGER and GLAT. The smoothed data are returned to the data buffer in BASIC AVER AGER, where they may be inspected in the display as in Figure 2 . GLAT is then replaced in the lower 4 K of core by LCEN. This program first determines and stores automatically the position of the center of the differentiated marker, interpolated between the channel positions along the frequency axis, and then displays the signal and the two m arker posi tions. Only the region between the display m arkers will be searched for the line center, and the operator may shift each of them, as indicated in Fig. 2 , to frame each line in the case of multiple lines. The line position is then located as shown in Fig. 3 in the following steps, using 24-bit arithmetic:
1) The absolute maximum between the adjust able display markers is found.
2) The absolute minima to the left and to the right of the maximum but within the display m arkers are found.
3) The upper minimum and the first frequency marker suffice to fix the coordinate system.
4) The height of the maximum, y j j , is divided by 2.
5) The endpoints of the chords corresponding to the four specified fractions of y m are found by linearly interpolating between the coordinates of the pairs of points adjacent to the chords. Using the interpolated coordinates, the midpoint of each chord is then taken as indicated in Figure 3 . X\A is the average of these four midpoints. Instructions for display. A v e r a g i n g complete wi t h >. Par a m e t e r e n tered in GLAT for smoothing markers. P a r a m e t e r entered in GLAT for smoothing signal.
LCEN does not echo instructions. Upon conclusion it prints num b e r of sweeps and calls and starts FOCAL. FOCAL registers as ready. User pr o g r a m FREQ is started. P o sitive or negat i v e sweep? A n s w e r is positive, so line cen t e r and line w idth are stored; control is r e t u r n e d to BASIC A V E R A G E R for analogous a cquisition of nega t i v e sweep. Data red u c t i o n proc e e d s after completion of negative s w e e p . P a r ameters for the m e a s u r e m e n t are entered: rotat i o n a l q u a n t u m number, if known, for AJ=1 transitions. fre q u e n c y stand a r d harmonic, k l y s t r o n harmonic, c a l i b r a t e d receiver frequency, fre q u e n c y stand a r d (decade) setting. 6) The information finally stored by the com puter is the line center position relative to the fre quency marker interval, and the effective line width, which corresponds to a constant fraction of the con ventionally defined line width.
In the last step control is automatically transferred to FOCAL, an on-line compiler language, which re places LCEN in core and is used to complete the prim ary data reduction.
A FOCAL user program to fetch the stored line center information and accept additional parameters from the teletype is also stored on the disk and is automatically called with FOCAL. It calculates the actual frequency of the line, and any other inform a tion desired. This compiler language program may be changed daily according to the molecule or the wishes of the operator. In Fig. 4 an actual teletype printout is shown. Such a printout constitutes a complete record of a line measurement including positive and negative sweeps. Occasionally a photo graph or a plot of the signal on an X-Y recorder is made to show doublets or groups of lines.
The procedure described above for determining the line frequency of an averaged absorption signal was developed (to fulfill as well as possible the fol lowing requirem ents:
1) The computer facility is limited to the con figuration given above; 24-bit arithmetic may be used in assembler language program s and ten deci mal digits (48 bits including exponent) in FOCAL.
2) Total expenditure of program m er time should not be excessive.
3) The operator need not be fam iliar with the computer or the assembler language, but should be able to change the form of the final printout and have control over the procedure.
4) W aiting for long calculations by the computer should be avoided.
5) The line positions must be reproducible to within at least a twentieth of the line width and within a fraction of the m arker width.
6) The determ ination of the line center should use as much as possible of the total information content of the signal.
7) Since the shapes of absorption lines detected with the video technique vary and are asymmetric, the procedure must be more or less independent of line shape function. The asymmetry is consistent when the adjustm ent is correct, so that it can be eliminated in the final result by evaluating a positive and a negative sweep of each line and averaging the two values of the line position. This requires that sample pressure and electronic spectrometer adjust ment rem ain constant during the data acquisition phase of both sweeps.
8) The highest point resolution we can obtain with the present averaging software is approxi mately 70 data points per line.
9) The signal-to-noise ratio is highly variable, and may be poor even after averaging.
We were able to satisfy the first three of these requirements by using the Digital Equipment Cor poration program s BASIC AVERAGER and FOCAL unchanged except in the manner of storing them. The rem aining program s were written in PD P-8/I assembler language except for the FOCAL user pro gram which produces the final printout. The length of each program was not critical, since we use the disk and the interrupt facility to call each successive program with a one-letter instruction.
In the last year, while the final touches were being put on the system, we have measured nearly 1000 absorption lines with the resulting routine proce dure. The advantages of the system may be sum marized as follows: 1) Turn around time for m easuring an absorp tion line with 500 sweeps for both positive and negative sweep is about 3 minutes.
2) Immediate calculation of the actual line fre quency is made so that the assignment of new spectra becomes more efficient.
3) Human error is eliminated in judging the position of line centers and in repeated transfers of parameters.
4) For constant sample pressure the reproduci bility of line positions is ± 5 kHz for strong lines up to 300 GHz, which corresponds to about 1/50 of the line width.
The first three factors give a considerable im provement in efficiency in comparison with earlier millimeter wave measurement techniques, including the first stage in the development of this system 6. The improvement in reproducibility over our earlier results is a factor of 2 or more.
III. T he M illim eter W ave S p ec tru m of DCNO

A) Sample Preparation
Several samples of DCNO were prepared accord ing to the method described in R eference3. Some improvement in the yield could be obtained by in verting the decomposition step, that is, by dropping, the sodium fulminate solution into precooled ( -5 °C to 0 °C) sulfuric acid through which a strong stream of nitrogen wras blown. In a further attempt to increase the yield and the degree of deuteration, we tried omitting the drying tube filled with P 20 5 which was used for HCNO preparations. Such " wet" samples did indeed have a higher pro portion of D to H (^9 0 % deuteration), but because of the presence of D20 in the sample, decomposition and polymerization were considerably faster than in "dry" samples, even at the low pressure adequate for millimeter wave spectroscopy. "W et" samples have a half-life of 5 to 10 minutes in the absorption cell at 5 -1 0 -3 torr with a surprisingly high yield of DNCO. W ith the decay product we were able to measure several transitions of the spectrum of DNCO with all K components. " D ry" samples al lowed 30 to 40 minutes measuring time before the intensity was seriously reduced by decay or hydro gen exchange.
B) Measured Absorption Frequencies
The observed ground state lines, listed in Table 1 , were fitted to the frequency expression v = 2 ( J + l ) B v -4 ( J + l ) * D v , (1) and the rotational constant B0 and the centrifugal distortion constant Z)0 are given in Table 5 .
The frequencies of the two components of rota tional transitions in a singly excited bending mode of a linear molecule are given by v± -2 ( / + 1 ) (Bv + 2 Dv) -4(7 + 1 ) 3 Dv
±H 2(/+l)^°>-4(/ + l ) V 1)]
in which qt ^ is the Z-type doubling constant for the t-th mode and q describes the /-dependence of the Z-type doubling. We have determined the con stants Bv and D v for the states v5 = 1 and = 1 by fitting the sum of the two components for each J as shown in Tables 2 and 3 , and the constants q / 0 > and qt^ by fitting the difference of the two com ponents as shown in Table 4 . The constants obtained from the least squares procedure are given in Table 5 . In addition we have listed in Table 6 a C alculated frequencies were obtained using the constants in Table 5 and qt^ are within three times the standard error of the constants obtained from the present data.
IV. D iscussion
The ground state constants shift upon deuteration as expected. Although the values of aL and qt for the states ) '4 and r 5 were reported earlier 3, the recenl assignment of the vibrational spectrum of both the normal and deuterated species of fulminic acid al lows us to update the discussion of these constants.
The value of a 5 shifts strongly upon deuteration, going from -30.1 MHz in HCNO to -46.2 MHz in DCNO. This shift can now be understood as a result of the fact that v5 is a large-amplitude HCN bending mode, the energy of which drops strongly upon deuteration from 224 cm -1 to 163 cm-1 (see Ref. 7 ) so that the a 5 value is expected to increase in magnitude. The value of a 5 for HCNO is well reproduced by calculations using the Hougen, Bun ker, Johns Ham iltonian extended to four-atomic molecules by Stone 10 . The value of a4 , on the other hand, shifts only from -14.4 MHz in HCNO to -13.5 MHz in DCNO. This small decrease is of the order of magnitude expected due to the smaller rotational constant, and indicates very little shift in the vibrational frequency of vi , which is 538 cm -1 in H C N O 7.
The dependence of upon deuteration cannot be explained so simply. In the harm onic approxi mation < 7/°-is given by A glance at Eq. (3) shows that for the lowest bend ing mode, r g , the summation must be positive, so that f should be greater than 2.0. Since this is not the case, we have further evidence that the v5 mode is strongly anharmonic. For HCNO the q5'°^ value has been calculated by S to n e 10 using the rigidbender molecular Hamiltonian and is in agreement with the experimental results. Since we have found that HCNO can best be described as a quasilinear molecule, we can corre late qh w i t h the difference of rotational constants (C -B) of an asymmetric rotor. Assuming the CNO chain to be rigid, we calculated the HCN (DCN) angle which would give the observed value of {C -B ). For HCNO we find 158° and for DCNO 162° for the average value of the HCN (DCN) angle. These values are compatible with those found by roughly fitting the vibrational levels to a poten tial function with a barrier, which range between 155° and 170° (see 7) .
There is no anomalous centrifugal distortion con tribution to the I-type doubling of either vi or v-in DCNO. The anomalous effects found for v4 in HCNO may be explained by an accidental Coriolis resonance which will be discussed in a separate publication u .
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